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Abstract

Fatigue strength of hull structural steel plate, extracted from longitudinal bulkhead of a
17-year—old ore/oil carrier for renewal, was investigated in air and in artificial seawater
condition. The surface of the plate was covered with corrosion pits and they proved to be
crack initiation sites by fractography using SEM. From this research, it was found that the
evaluation method for fatigue strength of virgin mild steel plates in air and in artificial
seawater can also be applied to the evaluation of the fatigue strength of mild steel plates
those were fong-term exposed to a corrosive environment and their surfaces had been

rusted intensively.
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Fig. 1 Extraction position of hull steel plate used
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Fig. 2 Surface and cross section of hull steel
plate used
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Table 1 Mechanical properties of hull steel

plate used
Direction | t(mm) (I\\(MI; é) (1|\-A'F§é) (E;;)
4.75 308 474 38
) 3.20 312 476 37
5.45 311 476 37
C 4.85 313 473 37
5.35 320 480 36

KAY.P.=2235MPa, T.S.=400~490MPa
Specimen Size: t x 25(W) x 50(G.L.)

Table 2 Chemical composition of hull steel
plate used

Cc Si Mn P S
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Fig. 3 Hardness distribution in cross section of
hull steel plate used

Fig. 4 Microstructure in cross section of hull steel
plate used
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Fig. 5 Shape of fatigue test specimen

Fig. 6 Surface and cross section of rusted
specimen for fatigue test
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(ASTM D1141)

?J \ Heateru -
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k
Fig. 7 Schematic circulation system of artificial
seawater for fatigue test

Fig. 8 Corrosion fatigue specimen, circulation
system and equipment in tests
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Table 3 Conditions for fatigue test
In artificial
In air seawater
(ASTM D1141)
Test Frequency 3~5Hz 0.17Hz
Stress Ratio 0.1 0.1
Temperature Room temp. 25°C
pH - 8.2
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Fig. 9 Example of fatigue fracture surface of
rusted specimen (in air)

Fig. 10 Example of SEM observation for fatigue
fracture surface of rusted specimen(in air)
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Fig. 11 Example of fatigue fracture surface of
rusted specimen (in artificial seawater)
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Table 4 Sizes and stress concentration factors of £ LIEHHE fASHH S Ke It HUEN yALH
surface rusted pits at crack initiation points for HECIEFIE TAHSIUHAMGBIHESHN)S =XIEHTHA|
rusted specimens He s ¥ ARdM=BUAY LZHT
(Ao~ N, =6)8 =3 Jisst 2401 LAl
Test Speci. P 2c a Kt CHNagai et al. 1977)
conditions No. (mm) (mm) | (mm) _ _
-4 028 | 040 | 0.10 | 1.9 A0IAN M=6t it 2801 & A0 AISs A
) . : i A& 17 & s SHZRH WHE 2ANL
6- 108|063 |020 20 SW(LBHHSAL A 3 BBE S22 UM
Inar | 3- 2 | 033 | 055 | 0.15 | 1.9 ot Hel SSE M 422 A U= A2 &
S ACtH M MAEZ2l st Ho| AAE
7 038 | 068 | 023 | 2.0 < 'u metd Old MA=E2 | & I_
(Nagai et al. 1977)211 22 MY (SH~HE
8-3 0251045101320 E2HY Ae~N, 2H)E MEBIO 22
4-3 | 010 | 0.15 | 0.04 | 1.9 £HOZ Fig, 139 AWO2 LIEIH HHOZ o
|=WN] St = al (a-g_; A
' "~ 2 | 03 | 08 | 010 |19 EIHKH_EF ‘I‘—|XH0“_EH|__ PIES 2 _oH—.—sOH/_H
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o 20
Lo Ao,
¢ Ao, Ko Ao,
Corrosion fatigue l Smooth specimen l Corrosion fatigue
Strength of rusted K, = 1.0 Strength of
regtgeel T)l::tl:as ° A'o -Ag ’ notched specimen
(A 0— N, curve) T Oe-N, T (& o - N curve)
K =19

AG_4 : fully reversed stress range
A, zero to maximum stress range

Fig. 13 Flow chart for estimation of fatigue strength of notched specimen and its
application to the rusting decayed hull steel plate in seawater
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Fig. 14 Fatigue strength of hull steel plate used
(Fatigue test results and estimated results)
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